Purpose: We aimed to investigate the role of interfaces of exophytic solid and cystic renal masses on magnetic resonance imaging (MRI) and the added value of diffusion-weighted imaging in differentiating benign from malignant lesions. Methods: The Institutional Review Board approved this retrospective study, and informed consent was waived. A total of 265 patients (109 [41%] women and 156 [59%] men) with a mean age of 57 AE 12 (standard deviation) years were enrolled in this study. Preoperative MRI (n ¼ 238) examinations of patients with solid or cystic renal masses and MRI (n ¼ 27) examinations of patients with Bosniak IIF cysts without progression were reviewed. Solid/cystic pattern, interface types and apparent diffusion coefficient (ADC) values were recorded by 2 radiologists. The diagnostic performance of combining normalized ADC values with interface sign were evaluated. Results: Among 265 renal lesions (109 cystic and 156 solid), all malignant lesions (n ¼ 192) had a round interface. No malignant lesions showed an angular interface. For prediction of benignity in cystic lesions, sensitivity (82.86% vs 56.16%), negative predictive value (92.50% vs 85.71%), and accuracy (94.50% vs 87.92%) ratios of angular interface were higher compared to all (solid plus cystic) lesions. The best normalized ADC cutoff values for predicting malignancy in lesions with round interface were as follows: for all (solid plus cystic), 0.75 (AUROC ¼ 0.804); solid, 0.6 (AUROC ¼ 0.819); and cystic, 0.8 (AUROC ¼ 0.936). Conclusions: Angular interface can be a predictor of benignity for especially cystic renal masses. The evaluation of interface type with normalized ADC value can be an important clue in differential diagnosis especially in patients avoiding contrast.
R esum e
Objectif : D eterminer le rôle des interfaces des masses r enales exophytiques solides et kystiques par imagerie par r esonance magn etique (IRM) et la valeur ajout ee de l'imagerie pond er ee en diffusion dans la diff erenciation des l esions b enignes et malignes. Renal cell carcinoma (RCC) is generally discovered incidentally in asymptomatic populations by imaging modalities [1e4] . In the management of incidental renal lesions, whether the surgical treatment is necessary is a diagnostic dilemma. The decision of surgery can be difficult, especially for the patients with solitary kidney, comorbidities, or contraindications to anesthesia. Therefore, the imaging characteristics are important for the decision of intervention. Ultrasound (US) and computed tomography (CT) are usually preferred as the initial imaging modalities. When CT findings are indeterminate, magnetic resonance imaging (MRI) is needed for further evaluation. Morphology and imaging characteristics of renal lesions are well defined in previous studies [2e5] . Some overlapping findings can be seen between RCCs and benign renal masses, such as oncocytomas, lipid poor angiomyolipoma (AML) and benign multilocular cyst [6e10] . Approximately 15% of RCCs may contain cystic component. So, it can be sometimes impossible to characterize renal lesions only with imaging features [1e10] .
Following administration of intravenous gadolinium chelates, RCCs show various enhancement patterns, such as homogenous or heterogeneous enhancement, or gradual enhancement or washout at delayed images [6e9]. Due to this variability, RCCs may mimic other renal tumors, and contrast enhancement pattern alone can be inadequate. Therefore, morphologic criteria can become more significant in selected cases, such as patients with chronic renal insufficiency and a history of contrast allergy. The non-contrast MRI can be the only choice of imaging for diagnosis. Interface sign is defined as the morphology of relationship between exophytic renal lesion and surrounding parenchyma [1, 10] . The interface types can be grouped as angular or round according to interface shapes ( Figure 1) . A sharp angle between the intraparenchymal portion of exophytic renal lesion and neighboring renal parenchyma with a definable apex inside the renal parenchyma exhibits angular interface, whereas a broad angle reflects round interface. So, angular interface depicts a triangular shape, whereas round interface shows wide-rounded shape [7, 10] .
In patients with suspicious for malignancy, additional information can be achieved by performing diffusionweighted imaging (DWI) and apparent diffusion coefficient (ADC) map. The restriction of diffusion reflects increased tumor cellularity and decreased extracellular space. Malignant lesions generally have lower ADC values than benign lesions because of higher cellularity [11, 12] . Besides ADC value, normalized ADC value defined as the ratio of ADC of tumor to that of normal adjacent parenchyma provides us more accurate data and optimal reference [11] .
To the best of our knowledge, the role of normalized ADC value of solid and cystic renal lesion showing round interface in differentiating benign from malignant lesions have not been investigated before. Therefore, we aimed to investigate the role of interfaces of exophytic solid and cystic renal masses on MRI and the added value of DWI in differentiating benign from malignant lesions.
Materials and Methods

Study Group
The Institutional Review Board approved this retrospective study, and informed consent was waived. Between May 2010-February 2018 at a single institution, radiology reports of abdominal MRI examinations in hospital information system (HIS) were searched. The terms used were ''renal mass,'' ''renal lesion,'' ''renal cyst,'' ''Bosniak category IIF cyst,'' ''Bosniak category III cyst,'' ''Bosniak category IV cyst,'' ''AML,'' ''angiomyolipoma,'' ''oncocytoma,'' ''RCC,'' and ''renal cell carcinoma.'' There were 14,979 MRI examinations of consecutive patients. Then, medical imaging records of these patients were reviewed from picture archiving and communications system. Histopathologic findings and follow up results were also noted from HIS. We excluded MRI examinations (n ¼ 14,714) of parapelvic or cortical lesions without exophytic extension (n ¼ 10,832), patients < 18 years old (n ¼ 203), patients with renal lesions who refused to surgery and lost to follow-up (n ¼ 27), largest diameter of exophytic renal lesions < 1 cm and > 4 cm (n ¼ 3141), suboptimal images due to patient motion or susceptibility artifacts (n ¼ 383). and renal cysts (Bosniak category IIF) with a follow-up period shorter than 38 months (n ¼ 128). These exclusions provided a final cohort of 265 patients (109 [41%] women and 156 [59%] men) with a mean age of 57 AE 12 (standard deviation) years (range 20e 90 years). Preoperative 265 MRI examinations including DWI of patients with exophytic renal masses who later underwent radical or partial nephrectomy were included in our study group. Bosniak category IIF renal cysts without change with at least 38 months of follow-up were grouped as benign [13] . Histopathologic results after radical or partial nephrectomy were our reference standard.
Magnetic Resonance Imaging Protocol
The preoperative MRI examinations were performed on a 1.5 Tesla system (Magnetom Avanto; Siemens Healthineers, Erlangen, Germany). Routine abdominal MRI sequences were performed using coronal T2-weighted half-Fourieracquisition single-shot turbo spin-echo (HASTE) (TR/TE, 1000/130 ms; field of view [FOV], 420; slice thickness, 7 mm), axial T2-weighted HASTE and fat-saturated T2-weighted images (TR/TE, 800/162 ms; FOV, 440; flip angle, 180
; slice thickness, 6 mm; NEX, 2), spoiled dual gradient-echo T1-weighted in-and opposed-phase MR imaging (TR/TE, 209e209/2.3e4.8 ms; slice thickness, 6 mm), axial pre-contrast and dynamic post-contrast T1-weighted 3-D VIBE (TR/TE, 800/162 ms; FOV, 440; flip angle, 10 ; slice thickness, 4 mm) sequences, DW singleshot echo-planar imaging (TR/TE, 5900/84 ms; NEX, 2; FOV, 380; image matrix size, 148Â190; slice thickness, 6 mm) with b values 0, 500, and 1000 s/mm 2 .
Image Evaluation
Two radiologists (with 12 and 5 years of experience in abdominal imaging) evaluated 3 sets of MRI examinations by consensus; set 1 included axial and coronal T2-weighted sequences to record only interface types of renal lesions; set 2 included all routine MRI sequences to decide solid/cystic pattern and to categorize cystic lesions according to Bosniak classification; set 3 included all conventional MR sequences plus DWI to plan region of interest (ROI) placement inside the lesion and to calculate ADC values. The interval between all image sets was 4 weeks. The review of set 1 was performed without dual gradient echo and substracted dynamic T1-weighted sequences, and the order of images was changed for each image set to avoid bias. The images were retrieved from local picture archiving and communications system. The readers were blinded to final diagnosis and histopathologic results of patients. The interface types of exophytic lesions with renal parenchyma as angular or round on axial and coronal T2-weighted sequences were recorded. The criteria for Bosniak category IIF cysts were including ! 3 internal septations without contrast enhancement on MRI [3] . The renal cysts with thick, nodular, multiple septations or wall with contrast enhancement were classified into Bosniak category III. The renal cysts with enhancing solid component were grouped as Bosniak category IV cysts [3] . Post-processing substraction of dynamic T1-weighted sequences was obtained to show the existence of contrast enhancement. The cystic/solid pattern, size, location (upper, middle, or lower zones of kidney) of all renal lesions and follow-up period of Bosniak category IIF cysts were also noted in the review of set 2.
The interface types were grouped as angular or round according to the relationship between renal lesion and surrounding parenchyma ( Figure 1 ). The relationship between intraparenchymal portion of exophytic renal lesion and neighboring renal parenchyma is wide-rounded, it reflects round interface. If this relationship is triangular shape with definable apex inside renal parenchyma, it is accepted to have angular interface [7, 10] . Lesions were also divided into 2 groups as benign and malignant according to histopathologic results or follow-up. Cystic and solid renal lesions were also evaluated separately. For quantitative measurements of ADC values, ROI measurements were performed at 3 different locations inside renal lesion in the dedicated workstation (Leonardo, Siemens Healthcare). The measurements of circular ROIs ranged in size between 10 mm 2 -150 mm 2 according to size of tumor. The largest ROIs were placed into solid component of the lesion excluding cystic portion, perirenal tissue, and normal parenchyma. But, in Bosniak category IIF, III, and IV cystic lesions, the smallest ROI ranged between 10-50 mm 2 covering small solid component, septa, or thick wall with some cystic portion together was measured (Figure 2 ). The mean ADC value was obtained for each renal lesion and adjacent normal renal parenchyma on ADC map. The normalized apparent diffusion coefficient (the ratio of ADC of renal lesion to ADC of normal renal parenchyma) value was estimated.
Statistical Analysis
Student t test, Mann-Whitney U test, Pearson c 2 , or Fisher exact test were used, where appropriate, and P < .05 was used to determine statistical significance. The diagnostic accuracy ratios of interface types, ADC, and normalized ADC values in differential diagnosis of benign and malignant renal lesions were evaluated for all lesions, solid lesions, and cystic lesions, respectively. The receiver operating characteristic (ROC) analysis with optimal cutoff points was performed for ADC and normalized ADC values of groups. The diagnostic capabilities of the combination of interface types and ADC values for differentiating malignant from benign renal lesions compared with the reference standard were analyzed by estimation of sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) and accuracy ratios.
Results
Qualitative Imaging Findings
Two hundred sixty-five patients with 265 exophytic renal masses were studied. Mean tumor size was 29.01 AE 7.16 mm Figure 3 . Angiomyolipoma (arrowhead) with angular interface (white angle) in the right kidney was detected in 57-year-old woman on axial T2-weighted sequence (A) and substracted dynamic T1-weighted image (B). Low signal intensity was observed on diffusion-weighted imaging (C) and on apparent diffusion coefficient map (D). (range 12e39 mm). (Figure 3 ). Some benign (26 of 156 solid lesions and 6 of 109 cystic lesions) lesions and all malignant solid (n ¼ 118) and cystic lesions (n ¼ 74) showed round interface. All of the solid masses, except for 12 AMLs, had round interface ( Figure 4) . None of the malignant lesions exhibited angular interface ( Figure 5 ). The distributions of benign and malignant renal lesions according to renal interface type and solid/cystic pattern are shown on Table 1 . There was significant relationship between renal interface types of benign and malignant tumors (P < .05). The sensitivity, specificity, PPV, NPV, and accuracy of angular interface for diagnosing benign mass was 56.16%, 100%, 100%, 85.71%, and 87.92%, respectively. For prediction of benignity in only cystic lesions, the sensitivity, NPV and accuracy ratios were found higher than those of both solid and cystic masses with sensitivity of 82.86%, NPV of 92.50%, and accuracy of 94.50% (Table 2) .
Of 29 Bosniak category IIF cysts, 20 were benign and 9 were malignant. Most Bosniak category IIF cysts (18/29, 62%) were benign showing angular interface, 2 (2/29, 6.9%) were benign with round interface. Four (9/29, 31%) were malignant with round interface. Of 44 Bosniak category III cysts, 11 (11/44, 25%) were benign with angular interface, 4 (4/44, 9%) were benign with round interface, and 29 (29/44, 66%) were malignant with round interface (Figure 6 ).
Quantitative Imaging Findings
All patients (n ¼ 265) also had DWIs. The mean ADC and normalized ADC values of malignant lesions (n ¼ 192) were significantly lower than those of benign lesions (n ¼ 73) (P < .00001). In solid and cystic groups, there was also statistically significant difference between benign and malignant lesions (P < .00001). The mean ADC and normalized ADC values of renal lesions according to solid/ cystic pattern and the existence of round interface sign are shown in Table 3 .
Comparison of area under the receiver operating characteristics curve (AUROC) in ROC analysis with optimal cutoff points for ADC and normalized ADC values for differentiating malignant from benign renal lesion and the diagnostic performance of combination of ADC and normalized ADC with round interface sign are presented in Table 4 .
Among Bosniak category IIF cysts, mean ADC values of benign and malignant cysts 2.81 AE 0.26 (95% CI: 2.69e 2.92) and 2.13 AE 0.72 (95% CI: 1.65e2.60) Â10 À3 mm 2 /s, respectively. ADC and normalized ADC values of benign Bosniak category IIF cysts were higher than malignant ones (P ¼ .0357 for both). For diagnosis of malignant Bosniak category IIF cysts with a combination of low ADC value (a cutoff value 1.6 Â 10 À3 mm 2 /s) and round interface, the sensitivity, specificity, PPV, NPV, and accuracy 44.44%, 100%, 100%, 78.26%, and 81.48%, respectively.
Discussion
The accurate diagnosis of a renal lesion is essential for appropriate management. The differentiation of renal tumors as benign or malignant is a common problem in the radiological evaluation. Imaging features alone sometimes can be insufficient for differential diagnosis. Although many factors may affect the diagnosis, the characteristics of imaging and quality of examination are important [1e17].
Since RCCs may appear in variable forms and mimic other renal tumors, differential diagnosis, particularly between complex cysts and cystic RCC, fat poor AMLs and RCC, oncocytoma and RCC, can be difficult [6e9]. Contrast enhancement pattern alone can be inadequate and additional imaging criteria to characterize the lesions are needed.
Several studies have been done based on morphologic characteristics of benign and malignant solid lesions. The presence of angular interface was reported previously as a sign of benignity on MRI [1] . Only AMLs and RCCs were included as solid lesions, and the presence of an angular interface in AMLs were found as a result [1] . The variety of lesions was greater in our study, and the different results were obtained about interface types of AMLs and oncocytomas. A similar study also demonstrated that the angular interface could be used as a reliable benignity sign on US and CT [10] . Our results support these studies, with specificity (100%), PPV (100%), and a lower sensitivity (56.16%) than sensitivity ratios of other studies [1, 10] . All lesions in our series with angular interface were benign, but some benign lesions especially solid ones (14 AMLs and 12 oncocytomas) showed round interface. Additionally, interface types of solid and cystic renal lesions were also evaluated separately in our study. Because of the presence of round interface in most of benign solid renal lesions, we also found that the PPV value of angular interface on prediction of benignity in cystic lesions was higher than all (solid plus cystic) lesions.
Scialpi et al [16] found that 29 exophytic renal oncocytomas demonstrated round interface. They advocated that the angular interface may be sign of benignancy in renal lesions except for oncocytomas. In our series, not only oncocytomas but also some AMLs exhibited round interface. However, all lesions with angular interface were benign.
In a recent study, Kim et al [7] investigated the effectiveness of angular interface sign and overflowing beer sign for differentiating benign from malignant lesions on CT After surgery, histopathologic result was cystic renal cell carcinoma. Table 3 The Mann-Whitney U test, P < .05 was used to determine statistical significance. ADC ¼ apparent diffusion coefficient (Â10 À3 mm 2 /s); CI ¼ confidence interval; NADC ¼ normalized apparent diffusion coefficient; SD ¼ standard deviation; w R ¼ with round interface.
a The relationships between ADC and NADC values of all benign and malignant renal lesions were significant (P < .00001). b The relationships between ADC and NADC values of solid benign and malignant renal lesions were significant (P < .00001). c The relationships between ADC and NADC values of cystic benign and malignant renal lesions were significant (P < .00001). d The relationships between ADC and NADC values of all benign and malignant renal lesions with round interface were significant (P ¼ .00016 and P ¼ .00032, respectively).
e The relationships between ADC and NADC values of solid benign and malignant renal lesions with round interface were significant (P < .00001 for both). f The relationships between ADC and NADC values of cystic benign and malignant renal lesions with round interface were significant (P ¼ .001 and P ¼ .00078, respectively).
scans of patients with 49 fat poor AMLs and 553 RCCs. They hypothesized that these morphologic CT findings can be useful for differentiating fat poor AML from RCC (AUROC, 0.871 with angular interface, 0.943 with overflowing beer sign, and 0.949 with both) [7] . Another study Sung et al [8] assessed the existence of round interface and capsule in CT scans of patients with 29 fat poor AMLs and 114 RCCs. They found that non-round shape without capsule on CT may be used to differentiate fat poor AML from RCC [8] . In contrast, most of AMLs (14/26, 54%) had round interface in our series.
Lim et al [17] evaluated growth patterns (angular interface sign, bubble-over sign, percentage of exophytic growth, and long-to-short axis ratio) of 63 RCCs and 36 benign masses on T2-weighted sequences. There was no statistical difference between benign and malignant solid lesions about angular interface and other growth patterns except for benign solid masses showing greater percentage of exophytic growth [17] . In another study, Choi et al [18] compared the interface types of 51 oncocytomas and 120 chromophobe RCCs. They observed no difference in shape of interface. Our findings are consistent with these studies [17, 18] .
Millet et al [19] investigated 74 malignant and 25 benign lesions ( 4 cm in size) about interface type, pattern, and degree of enhancement on CT images. They found no significant differences between other CT findings of benign and malignant lesions except for contrast enhancement pattern. They noticed that 2 AMLs and 4 malignant lesions showed angular interface [19] . In contrast, all malignant lesions showed round interface in our large series.
MRI including DWI has an important role in differential diagnosis of benign and malignant renal lesions. DWI exhibits the random motion of water in tissue. Quantitative measurements can be achieved by using ADC map which is obtained automatically from DWI. High-signal intensity on DWI and low-signal intensity on ADC map shows restricted diffusion. Lower ADC values mostly correlate with malignant tumors. Normalized ADC values were generated relative to normal adjacent renal parenchyma and can be applied to decrease variability in ADC values [11] .
There are some studies investigating the utility of quantitative measurements of benign solid and malignant lesions on DWI. Mytsyk et al [20] À3 mm 2 /s for differentiation of cystic RCC from benign renal cysts with sensitivity of 90% and specificity of 88% [20] . In a recent study, Ozturk et al [21] observed that the cutoff value of 1.99 with sensitivity of 79% and specificity of 62% can be used for differentiation between solid benign (n ¼ 13) and malignant (n ¼ 43) lesions (P ¼ .004). For differential diagnosis of benign cystic (n ¼ 18) and malignant cystic (n ¼ 14) lesions, the cutoff value of 2.9 with sensitivity of 86% and specificity of 61% (P ¼ .003) [21] . Our mean ADC values and optimal cutoff values for differential diagnosis of benign and malignant lesions were lower than these studies. Besides ADC values, we also compared normalized ADC values between benign and malignant lesions according to solid/cystic pattern and the existence of round interface.
Park et al [9] evaluated T2-weighted signal intensity ratio and ADC values in differential diagnosis of AML and RCC. There was significant difference between ADC values of AMLs and RCCs, but not significant in T2-weighted signal ratios. For diagnosis of fat poor AML with a cutoff ADC value of 1.129 Â 10 À3 mm 2 /s, sensitivity was 89.7% and specificity was 88.2% (P ¼ .02) [9] . Our results about ADC values were similar. Additionally, in our study, normalized ADC values were also found significantly different with a cutoff point of 0.75 (AUROC of 0.804, with sensitivity of 77.1% and specificity of 65.8%).
We emphasized that the angular interface indicates benignity for both solid and cystic renal masses. We also showed that the existence of angular interface may be valuable especially at differential diagnosis of cystic renal lesions. In our study, 15 patients with Bosniak category III cyst (11/44 [25%] showing angular interface and 4/44 [9%] showing round interface) underwent unnecessary surgery. These 4 Bosniak category III cysts with round interface had high ADC and normalized ADC values. So, preoperative diagnosis of these lesions could be benign if diagnosis was performed by using the combination of interface sign and optimal cut off values of ADC (1.6 Â 10 À3 mm 2 /s) and normalized ADC (0.8 Â 10 À3 mm 2 /s) for cystic lesions with round interface in our study. The existence of angular interface can prevent needless interventional procedures. The existence of the round interface requires further evaluation. Therefore, we searched additional role of ADC and normalized values for differential diagnosis of benign and malignant solid and cystic lesions with round interface. In selected patients with suspicion of malignancy, the evaluation of interface sign combined with normalized ADC value can be helpful to provide accurate differential diagnosis of benign and malignant. Particularly, when use of contrast material is contraindicated, interface characteristics on axial and coronal T2-weighted sequences and ADC measurements can be supportive to make the decision of follow-up or surgery. Additionally, redundant follow-up imaging can be avoided in Bosniak category IIF cysts with angular interface and high ADC value. In our study, angular interface, higher ADC, and normalized ADC values in solid and cystic lesions were significantly more common in benign lesions. For lesions with round interface, we recommended to perform DWI for ADC calculations.
Our study had several limitations. First, the determination of renal interface was subjective since there were no standard criteria. But, the bias was minimized by the evaluation of 2 experienced radiologists by consensus. Second, histopathologic correlation was not available in some Bosniak IIF renal cysts. These cysts without progression after follow-up at least 38 months are accepted as benign. Third, ROI measurements of cystic lesions were difficult to cover only septa, wall, or small solid component. Although the smallest ROI was placed in cystic lesions, there were also some cystic component of lesion in ADC calculations.
The interface sign may be useful for differential diagnosis of benign and malignant lesions in addition to other imaging findings. Angular interfaces of both solid and cystic renal masses on T2-weighted images can be used as a sign of benignity. Benign solid lesions such as AMLs and oncocytomas may exhibit round interface like RCCs. Unnecessary surgery can be avoided in lesions with angular interface and lesions showing round interface with high normalized ADC values. The evaluation of interface type combined with normalized ADC value of lesion can be an important clue in differentiation of benign from malignant lesions especially in patients avoiding contrast.
